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Description 

METHOD OF MANUFACTURING A 
SEMICONDUCTOR DEVICE 

Cross Reference to Related Applications 

[0001] This application is based upon and claims priority of 

Japanese Patent Application No. 2002-253234, filed on 

August 30, 2002, the contents being incorporated herein 

by reference. 
Field of the Invention 

[0002] The present invention relates to a method of manufactur- 
ing a semiconductor device and, more particularly, a 
method of manufacturing a semiconductor device having 

a capacitor. 
Description of the Prior Art 

[0003] As the nonvolatile memory that is able to store informa- 
tion after a power supply is turned OFF, a flash memory or 
a ferroelectric memory (FeRAM) is known. 

[0004] The flash memory has a floating gate that is buried in a 



gate insulating layer of an insulated gate field effect tran- 
sistor (IGFET), and stores the information by storing a 
charge as the stored information in the floating gate. A 
tunnel current must be supplied to the gate insulating 
layer to write/erase the information, and thus a relatively 
high voltage is needed. 

[0005] jhe FeRAM has a ferroelectric capacitor that stores the in- 
formation by utilizing the hysteresis characteristic of a 
ferroelectric substance. In the ferroelectric capacitor, a 
ferroelectric layer that is formed between an upper elec- 
trode and a lower electrode generates the polarization in 
response to the voltage value applied between the upper 
electrode and the lower electrode and also has the spon- 
taneous polarization that still holds the polarization after 
an applied voltage is removed. The information can be 
read by sensing a polarity and a magnitude of this spon- 
taneous polarization. 

[0006] Jhe FeRAM has such advantages that such FeRAM oper- 
ates at a voltage lower than the flash memory and that a 
high-speed writing can be attained while saving a power. 

[0007] The ferroelectric capacitor that is employed in the memory 
cell of the FeRAM is formed by the steps shown in FIGS.IA 
to IC, for example. 



[0008] First, as shown in FIG.IA, a first metal layer 103, a ferro- 
electric layer 104, and a second metal layer 105 are 
formed on a first interlayer insulating layer 102 that cov- 
ers a silicon substrate 101. For example, a platinum layer 
is formed as the first metal layer 103, an oxide dielectric 
substance such as PZT is formed as the ferroelectric layer 
104, and iridium or iridium oxide is formed as the second 
metal layer 105. 

[0009] Then, as shown in FIG. IB, the second metal layer 105 is 
patterned into an upper electrode 105a of a capacitor Q^, 
and then the ferroelectric layer 104 is patterned into a di- 
electric layer 104a of the capacitor Q^. Then, the first 
metal layer 103 is patterned into a lower electrode 103a 
of the capacitor Q^. 

[0010] Then, as shown in FIG.IC, the capacitor is covered with 
a second interlayer insulating layer 106 made of silicon 
oxide. Then, a first contact hole is formed on a contact 
area of the lower electrode 103a by patterning the second 
interlayer insulating layer 106. Then, a conductive plug 
107 is buried in the first contact hole. Then, a second 
contact hole 106a is formed on the upper electrode 105a 
by patterning the second interlayer insulating layer 106. 
Then, an upper electrode leading wiring (not shown). 



which is connected to the upper electrode 105a via the 
second contact hole 106a, and a lower electrode leading 
wiring (not shown), which is connected to the conductive 
plug 107, are formed on the second interlayer insulating 
layer 106. 

[0011] Meanwhile, the contact hole 106a on the upper electrode 
105a is formed by using the dry etching. Therefore, the 
ferroelectric layer 104 is damaged by such dry etching 
and thus the capacitor characteristics are deteriorated. 

[0012] Also, if a metal such as iridium, iridium oxide, or the like 
is employed as the upper electrode 105a, oxygen in PZT 
constituting the ferroelectric layer 104 is absorbed into 
the metal at the boundary between this metal and the fer- 
roelectric layer 104, and thus the characteristics of the 
capacitor become worse. In particular, the oxygen in the 
ferroelectric layer 104 is ready to be absorbed into the 
upper electrode 105a at the time of formation of the sec- 
ond interlayer insulating layer 106 executed by the heat 
treatment. 

[0013] For this reason, if the silicon substrate 101 is put in the 
oxygen atmosphere after the formation of the contact 
hole 106a and then the substrate temperature is set to 
about 550 "C, the oxygen is supplied to the ferroelectric 



layer 104 via the contact hole 106a. Thus, the characteris- 
tics of the capacitor can be recovered. 
[0014] By the way, with the miniaturization of the upper elec- 
trode leading electrode, a size of the contact hole 106a 
formed on the upper electrode 105a must be reduced 
much more. 

[0015] However, if the size of the contact hole 106a is reduced, 
an amount of oxygen that is supplied to the capacitor 
via the contact hole 106a is also reduced. Thus, the oxy- 
gen is not supplied to the dielectric layer 104a to such an 
extent that the oxygen defect in the capacitor, which is 
caused by the etching or the like applied to form the con- 
tact hole 106a, can be filled up. As a result, improvement 
in the quality of the ferroelectric layer becomes insuffi- 
cient and a quantity of polarization charge in the ferro- 
electric capacitor is lowered, which interferes with the 
writing/ reading the information into/from the memory 
cell. 

Summary of the Invention 

[0016] It is an object of the present invention to provide a 

method of manufacturing a semiconductor device con- 
taining the step of further improving characteristics of a 
capacitor having an oxide dielectric layer. 



[0017] According to one aspect of the present invention, tliere is 
provided a method of manufacturing a semiconductor de- 
vice comprising the steps of: forming a first insulating 
layer over a semiconductor substrate; forming a first con- 
ductive layer, an oxide dielectric layer, and a second con- 
ductive layer over the first insulating layer; forming a ca- 
pacitor, which consists of an upper electrode made of the 
second conductive layer, a dielectric layer made of the ox- 
ide dielectric layer, and a lower electrode made of the first 
conductive layer, by patterning the second conductive 
layer, the oxide dielectric layer, and the first conductive 
layer; forming a second insulating layer over the capacitor 
and the first insulating layer; forming a hole in the second 
insulating layer on the upper electrode; and supplying an 
activated oxygen to the capacitor via the hole in a state 
that the semiconductor substrate is heated. 

[0018] According to the present invention, the activated oxygen, 
e.g., oxygen radical, is supplied to the capacitor via the 
hole formed on the capacitor upper electrode while heat- 
ing the semiconductor substrate having the capacitor. 

[0019] Therefore, the oxygen is ready to permeate in the capaci- 
tor via the hole formed on the capacitor upper electrode. 
As a result, an enough amount of oxygen can be supplied 



to the oxide dielectric layer of the capacitor, and thus im- 
provement in the capacitor characteristics by the oxygen 
annealing can be achieved even if the hole is reduced in 
size. 

[0020] As the method of activating the oxygen, there are the 
method of irradiating the ultraviolet rays to the oxygen 
gas and the method of irradiating the microwave to the 
oxygen gas, for example. The oxygen gas is selected from 
any one of 0 , N O, NO , etc. 
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[0021] In case the ultraviolet lamps having wavelength peaks at 
225.0 nm and 187.5 nm are employed to irradiate the ul- 
traviolet rays, is changed into the ozone (O^) by the ul- 
traviolet rays having the wavelength of 225.0 nm and then 
this ozone is changed into the oxygen radical by the ul- 
traviolet rays having the wavelength of 187.5 nm, whereby 
the oxygen is brought into the state that it is coupled eas- 
ily with the oxide dielectric layer. Also, in case the excimer 
UV lamps are employed to irradiate the ultraviolet rays, 
is changed into the oxygen radical by the ultraviolet rays 
having the wavelength of 172.5 nm. 

[0022] In addition, in case the microwave is irradiated onto the 
oxygen gas, the oxygen is activated and its permeability 
into the capacitor is enhanced. 



Brief Description of the Drawings 

[0023] FIGS.IA to IC are sectional views showing the steps of 
forming a ferroelectric capacitor in the prior art; 

[0024] FIGS.2A to 2M are sectional views showing the steps of 

manufacturing a semiconductor device according to a first 
embodiment of the present invention; 

[0025] FIG. 3 is a configurative view showing an RTA annealing 
equipment employed in embodiments of the present in- 
vention; 

[0026] FIG. 4 is a configurative view showing a microwave curing 
equipment employed in embodiments of the present in- 
vention; 

[0027] FIG. 5 is a view showing effects of improving capacitor 
characteristics by the oxygen annealing in the embodi- 
ments of the present invention and the oxygen annealing 
in the prior art; and 

[0028] FIGS.6A to 6E are sectional views showing the steps of 

manufacturing a semiconductor device according to a 

second embodiment of the present invention. 
Description of the Preferred Embodiments 

[0029] Embodiments of the present invention will be explained 
with reference to the drawings hereinafter. 



(First Embodiment) 

[0030] FIGS.2A to 2M are sectional views showing the steps of 

manufacturing a semiconductor device according to a first 
embodiment of the present invention. 

[0031] Steps required until a sectional structure shown in FIG.2A 
is formed will be explained hereunder. 

[0032] First, an element isolation insulating layer 2 is formed 
around an active region (transistor forming region) of a 
silicon substrate 1 by the LOCOS (Local Oxidation of Sili- 
con) method. In this case, the ST! (Shallow Trench Isola- 
tion) structure may be employed as the element isolation 
insulating layer 2. 

[0033] Then, a p-well 3 is formed by introducing the p-type im- 
purity into the active region in the memory cell region of 
the silicon substrate 1. Then, a silicon oxide layer serving 
as a gate insulating layer 4 is formed by thermally oxidiz- 
ing a surface of the active region of the silicon substrate 
1. 

[0034] Then, an amorphous silicon or polysilicon layer and a sili- 
cide layer are formed sequentially on an overall upper 
surface of the silicon substrate 1. Gate electrodes 5a, 5b 
are formed by patterning the silicon layer and the silicide 
layer by virtue of the photolithography method. In this 



case, there are layers made of tungsten silicide, cobalt 
silicide, etc. as the silicide layer. 
[0035] Tvvo gate electrodes 5a, 5b are arranged in almost parallel 
at an interval on each p-well 3 in the memory cell region. 
These gate electrodes 5a, 5b constitute a part of the word 
line. 

[0036] Then, the n-type impurity is ion-implanted into the p-well 
3 on both sides of the gate electrodes 5a, 5b. Thus, n- 
type impurity diffusion regions 6a, 6b, 6c serving as the 
source/drain of the n-channel MOS transistors are 
formed. 

[0037] Then, an insulating layer is formed on an overall surface 
of the silicon substrate 1. Then, sidewall insulating layers 
7 are left only on both side portions of the gate electrodes 
5a, 5b by etching back the insulating layer. As the insulat- 
ing layer, silicon oxide (SiO^) is formed by the CVD 
method, for example. 

[0038] Then, the n-type impurity is ion-implanted again into the 
p-well 3 by using the gate electrodes 5a, 5b and the side- 
wall insulating layers 7as a mask. Thus, the n-type impu- 
rity diffusion regions 6a to 6c are formed as the LDD 
structure. 

[0039] As described above, in the memory cell region, a first MOS 



transistor consists of one gate electrode 5a, the n-type 
impurity diffusion regions 6a, 6b, etc. and a second IVIOS 
transistor consists of the other gate electrode 5b, the n- 
type impurity diffusion regions 6b, 6c, etc. 

[0040] Then, a refractory metal layer is formed on an overall sur- 
face. Then, refractory metal silicide layers 8a to 8c are 
formed on surfaces of the n-type impurity diffusion re- 
gions 6a to 6c respectively by heating this refractory 
metal layer. Then, the unreacted refractory metal layer is 
removed by the wet etching. As the refractory metal, there 
are cobalt, tantalum, etc. 

[0041] Then, a silicon oxide nitride (SiON) layer of about 200 nm 
thickness is formed as an oxidation preventing insulating 
layer 9 on the overall surface of the silicon substrate 1 by 
the plasma CVD method. Then, a silicon dioxide (SiO^) 
layer of about 600 nm thickness is formed as a first inter- 
layer insulating layer 10 on the oxidation preventing insu- 
lating layer 9 by the plasma CVD method using the TEOS 
gas. 

[0042] Then, the first interlayer insulating layer 10 is thinned by 
the chemical mechanical polishing (CMP) method to pla- 
narize its surface. A polished amount of the first interlayer 
insulating layer 10 is set such that the layer is left by 



about 785 nm on the element isolation insulating layer 2. 
[0043] Then, as shown in FIG.2B, a titanium oxide layer 11 having 
a rutile-type crystal structure is formed on the first inter- 
layer insulating layer 10. The titanium oxide layer 11 is 
formed by forming a titanium layer on the first interlayer 
insulating layer 10 by the sputter method to have a thick- 
ness of about 20 nm, and then thermally oxidizing the ti- 
tanium layer. The thermal oxidation of the titanium layer 
at the substrate temperature of 700 "C for 60 second in 
the oxygen atmosphere, for example, by using the RTA 
(Rapid Thermal Annealing) equipment. Thus, the oxidized 
titanium layer gives the titanium oxide layer 11 of about 
50 nm thickness, and a (200) face appears on its upper 
surface. 

[0044] Next, steps required until a structure shown in FIG.2C is 
formed will be explained hereunder. 

[0045] First, a platinum (Pt) layer is formed as a first conductive 
layer 12 on the titanium oxide layer 11. A thickness of the 
Pt layer is set to about 100 to 300 nm, for example, 150 
nm. Here, the titanium oxide layer 11 performs the role to 
improve the adhesion between the first conductive layer 
12 and the first interlayer insulating layer 10. In this case, 
a titanium layer and a platinum layer may be formed in 



place of the titanium oxide layer 11 and the first conduc- 
tive layer 12. 

[0046] The first conductive layer 12 is not limited to the plat- 
inum. A noble metal layer made of iridium, ruthenium, or 
the like, or a noble metal oxide layer made of ruthenium 
oxide, strontium ruthenium oxide (SrRuO^), or the like 
may be employed as the first conductive layer 12. 

[0047] Then, PLZT (lead lanthanum zirconate titanate; (Pb La 

l-3x/2 

)(Zr Ti )0 ) of 100 to 300 nm thickness, for example, 

X 1-y y 3 

180 nm thickness, is formed as a ferroelectric layer 13 on 
the first conductive layer 12 by the sputtering method. 
[0048] In this case, as the method of forming the ferroelectric 
layer 13, there are the spin-on method, the MOD (Metal 
Organic Deposition) method, the MOCVD (Metal Organic 
CVD) method, the sol-gel method, etc. in addition to the 
above. Also, as the material of the ferroelectric layer 13, 
there are other PZT material such as PLCSZT, PZT, or the 
like, Bi-layered structure compound material such as SrBi 
Ta O , SrBi (Ta,Nb) O , or the like, and other metal oxide 

2 2 9 2 2 9 

ferroelectric substance in addition to PLZT. 
[0049] Then, the PLZT layer constituting the ferroelectric layer 13 
is crystallized by the RTA (Rapid Thermal Annealing) in the 
oxygen-containing atmosphere. The RTA conditions are 



set to 585 "C, 90 second, and the programming rate of 
125 °C/sec, for example. In this case, oxygen and argon 
are introduced into the oxygen-containing atmosphere, 
and an oxygen concentration is 2.5 %, for example. 
[0050] Then, an iridium (Ir) layer and an iridium oxide (IrO ) layer 

X 

are formed sequentially as a second conductive layer 14 
on the ferroelectric layer 13 by the sputter method to 
have a total thickness of 100 to 300 nm, for example, 150 
nm. In this case, as the second conductive layer 14, a 
platinum layer, a strontium ruthenium oxide (SRO) layer, 
and other metal layer may be formed by the sputter 
method. 

[0051] Then, crystallinity of the ferroelectric layer 13 is improved 
by the RTA in the oxygen-containing atmosphere. The 
RTA conditions are set to 725 "C, 20 second, and the pro- 
gramming rate of 125 "C/sec, for example. In this case, 
the oxygen and the argon are introduced into the oxygen- 
containing atmosphere, and the oxygen concentration is 
1.0 %, for example. 

[0052] Next, steps required until a structure shown in FIG. 2D is 
formed will be explained hereunder. 

[0053] First, the second conductive layer 14 is patterned by the 
photolithography method using a resist pattern (not 



shown). Thus, an upper electrode 14a of a capacitor Q is 
formed over the element isolation insulating layer 2 in 
vicinity of the first and third n-type impurity diffusion re- 
gions 6a, 6c. In this case, the capacitor Q formed in vicin- 
ity of the first n-type impurity diffusion region 6a is omit- 
ted from the illustration because such capacitor has the 
same structure as the capacitor Q formed in vicinity of the 
third n-type impurity diffusion region 6c. 
[0054] Then, the resist pattern is removed. Then, the ferroelectric 
layer 13 is annealed at the temperature of 650 °C for 60 
minute in the oxygen atmosphere. This annealing is exe- 
cuted to recover the quality of the ferroelectric layer 13 
from the damage that is caused due to the sputtering and 
the etching. 

[0055] Then, in the memory cell region, the ferroelectric layer 13 
is etched in the situation that the resist pattern (not 
shown) is still formed on the upper electrode 14a and its 
periphery. Thus, the remaining ferroelectric layer 13 is 
used as a dielectric layer 13a of the capacitor Q. Then, the 
resist pattern is removed. 

[0056] Then, as shown in FIG.2E, a PZT layer of about 20 nm 
thickness is formed as an encapsulation layer 15 on the 
upper electrode 14a, the dielectric layer 13a, and the first 



conductive layer 12 by the sputtering metliod. Tlie encap- 
sulation layer 15 has a function of protecting the dielectric 
layer 13a, which is easily reduced, from the hydrogen. In 
order to block the hydrogen from entering into the dielec- 
tric layer 13a, such encapsulation layer 15 is formed of 
the PZT that can easily trap the hydrogen. The encapsula- 
tion layer 15 is a capacitor protection insulating layer, and 
may be formed of the layer such as the alumina layer, the 
titanium oxide layer, etc. which can easily trap or block 
the hydrogen. 

[0057] Then, the RTA process is applied to the encapsulation 

layer 15 at 700 "C for 60 second at the programming rate 
of 125 "C/sec in the oxygen atmosphere. 

[0058] Then, a resist 16 is coated on the encapsulation layer 15. 
Then, the resist is exposed/developed to be left in a lower 
electrode forming region containing the regions that are 
located under the upper electrode 14a and the dielectric 
layer 13a. 

[0059] Then, as shown in FIG.2F, the encapsulation layer 15, the 
first conductive layer 12, and the titanium oxide layer 11 
are etched by using the resist 16 as a mask. Thus, the 
first conductive layer 12 that is left below the upper elec- 
trode 14a is used as a lower electrode 12a of the capaci- 



tor. 

[0060] Then, as shown in FIG.2G, the capacitor Q consisting of 
the lower electrode 12a, the dielectric layer 13a, and the 
upper electrode 14a appears on the first interlayer insu- 
lating layer 10 after the resist 16 is removed. 

[0061] Then, in order to recover the dielectric layer 13a from the 
damage caused by the etching into its original state, the 
capacitor Q is annealed at the temperature of 650 "C for 
60 minute in the oxygen atmosphere, for example. 

[0062] Then, as shown in FIG.2H, an SiO^ layer of about 1500 nm 
thickness is formed as a second interlayer insulating layer 
17 on the encapsulation layer 15, the capacitor Q, and the 
first interlayer insulating layer 10. The growth of the sec- 
ond interlayer insulating layer 17 may be executed by the 
CVD method using silane (SiH^) or may be executed by the 
plasma CVD method using TEOS, for example. The sub- 
strate temperature applied to grow the second interlayer 
insulating layer 17 is set to about 300 to 450 "C. 

[0063] Then, an upper surface of the second interlayer insulating 
layer 17 is planarized by the CMP method. 

[0064] Then, as shown in FIG. 21, the second interlayer insulating 
layer 17, the encapsulation layer 15, the first interlayer in- 
sulating layer 10, and the oxidation preventing insulating 



layer 9 are patterned by the photolithography method. 
Thus, first to fourth contact holes 17a to 17d are formed 
on the n-type impurity diffusion regions 6a to 6c and on 
the contact area of the lower electrode 12a respectively. 
The first interlayer insulating layer 10, the second inter- 
layer insulating layer 17, etc. are etched by using a mixed 
gas which is prepared by adding Ar to a CF gas, e.g., CF^. 

[0065] Then, a titanium (Ti) layer of 20 nm thickness and a tita- 
nium nitride (TIN) layer of 50 nm thickness are formed on 
the second interlayer insulating layer 17 and inner sur- 
faces of the contact holes 17a to 17d by the sputtering 
method. These layers are used as a conductive adhesive 
layer. Then, a tungsten layer is formed on the adhesive 
layer by the CVD method using a mixed gas that consists 
of tungsten hexafluoride (WF^), argon, and hydrogen. In 
this case, the silane (SiH^) gas is also used in the initial 
stage of the growth of the tungsten layer. The tungsten 
layer has a thickness that buries perfectly the contact 
holes 17a to 17d. 

[0066] Then, as shown in FIG.2J, the tungsten layer and the ad- 
hesive layer are removed by the CMP method and left only 
in the contact holes 17a to 17d. Thus, the tungsten layer 
and the adhesive layer, which are left in the first to fourth 



contact holes 17a to 17d respectively, are used as first to 
fourth conductive plugs 18a to 18d. 

[0067] In this case, in each p-well 3, the second conductive plug 
18b formed on the n-type impurity diffusion region 6b, 
which is put between two gate electrodes 5a, 5b, is con- 
nected electrically to the bit line formed over the second 
conductive plug 18b and also the first and third conduc- 
tive plugs 18a, 18c formed on both sides of the second 
conductive plug 18b are connected electrically to the up- 
per electrodes 14a of the capacitors Q via wirings de- 
scribed later respectively. 

[0068] Then, as shown in FIG.2K, an SiON layer of about 100 nm 
thickness, for example, is formed on the second interlayer 
insulating layer 17 and the conductive plugs 18a to 18d 
by the plasma CVD method. This SiON layer is formed by 
using a mixed gas consisting of silane (SiH^) and N^O, and 
is used as an oxidation preventing layer 19 to prevent the 
oxidation of the conductive plugs 18a to 18d. 

[0069] Then, the oxidation preventing layer 19, the second inter- 
layer insulating layer 17, and the encapsulation layer 15 
are patterned by the photolithography method. Thus, a 
fifth contact hole 17e having an almost square planar 
shape, one side of which is 0.35 to 0.50 pim, is formed on 



the upper electrode 13a of the capacitor Q. 

[0070] Then, the silicon substrate 1 is put into the RTA annealing 
equipment shown in FIG. 3. The RTA annealing equipment 
comprises a chamber 21 into which the silicon substrate 1 
is loaded, a suscepter 22 on which the silicon substrate 1 
is loaded in the chamber 21, a heater 23 for heating the 
silicon substrate 1 under the suscepter 22, a plurality of 
infrared lamps 24 arranged over the suscepter 22, UV 
(ultraviolet) lamps 25 arranged in clearances between a 
plurality of infrared lamps 24, and a gas introducing port 
26 and an exhaust port 27 provided in the chamber 21. 
As the UV lamp 25, there is the lamp that has peaks at a 
wavelength of 225.0 nm and a wavelength of 187.5 nm. 

[0071] In the chamber 21, the silicon substrate 1 is loaded on the 
suscepter 22, then oxygen (O^) and nitrogen (N^ are in- 
troduced at flow rates of 1.0 liter/min and 9.0 liter/min 
via the gas introducing port 26 respectively, and then a 
pressure in the chamber 21 is set to the atmospheric 
pressure. Also, the silicon substrate 1 is heated up to 300 
to 450 "C, e.g., 350 °C by the heater 23, the infrared 
lamps 24, and the UV lamps 25. In this case, the ultravio- 
let rays are irradiated from the UV lamps 25 to the second 
interlayer insulating layer 17 and the contact hole 17e. In 



this case, an inert gas sucli as argon, or the lil<e may be 
introduced instead of the nitrogen. 
[0072] Thus, on surfaces of the second interlayer insulating layer 
17 and the contact hole 17e, o^ is changed into ozone (O 
^) by the ultraviolet rays having the wavelength of 225.0 

* 

nm and then is changed into active oxygen radical (0 ) 
by the ultraviolet rays having the wavelength of 187.5 nm. 
Even if the contact hole 17e is small, the active oxygen is 
ready to permeate in the dielectric layer 13a via the upper 
electrode 14a. As a result, the oxygen is supplied suffi- 
ciently to the dielectric layer 13a. 

[0073] In this case, excimer UV lamps may be employed as the 
UV lamps 25. The ultraviolet rays having a wavelength of 
172.5 nm are irradiated from the excimer UV lamps to the 
second interlayer insulating layer 17 and the contact hole 
17e. Then, that is irradiated by the ultraviolet rays is 
changed into the active oxygen. 

[0074] Then, as shown in FIG.2L, the quality of the dielectric layer 
13a is improved by oxygen-annealing the capacitor Qfor 
30 minute, for example, via the contact hole 17e under 
the condition that such ultraviolet rays are irradiated to 
the oxygen. In this case, the oxidation of the conductive 
plugs 18a to 18d is prevented by the oxidation preventing 



layer 19. However, since the temperature is set lower than 
the prior art under such annealing conditions, the oxida- 
tion of the conductive plugs 18a to 18d that penetrates 
the oxidation preventing layer 19 is difficult to proceed 
rather than the prior art. Therefore, the oxidation pre- 
venting layer 19 may be formed thinner than 100 nm. 

[0075] Then, the oxidation preventing layer 19 is etched back by 
using the CF gas. 

[0076] Then, a conductive layer is formed on the second inter- 
layer insulating layer 17 and the conductive plugs 18a to 
18d and in the contact hole 17e formed on the upper 
electrode 14a by the sputter method. As the conductive 
layer, a multi-layered metal structure in which a titanium 
nitride layer, a copper-containing aluminum layer, a tita- 
nium layer, and a titanium nitride layer are formed se- 
quentially, for example, is employed. An amount of cop- 
per contained in the copper-containing aluminum layer is 
set to 0.5 atoms %, for example. 

[0077] Then, as shown in FIG.2M, the conductive layer is pat- 
terned by the photolithography method. Thus, a wiring 
20a that connects electrically the upper electrode 14a of 
the capacitor Q and the third conductive plug 18c via the 
contact hole 17e is formed on the second interlayer insu- 



lating layer 17. At the same time, a conductive pad 20b is 
formed on tlie second conductive plug 18b formed be- 
tween two gate electrodes 5a, 5b on the p-well 3. Also, 
another wiring 20d is formed on the conductive plug 18d 
formed on the lower electrode 12a of the capacitor Q. In 
addition, still another wiring 20a that is connected to the 
upper electrode of another capacitor (not shown) is 
formed on the first conductive plug 18a. 
[0078] Then, a third interlayer insulating layer, a second- layer 
conductive plug, the bit line, the cover layer, etc. are 
formed. But explanation of their details will be omitted 
herein. 

[0079] According to the above embodiment, the contact hole 17e 
is formed in the second interlayer insulating layer 17, 
which covers the capacitor Q, on the upper electrode 14a. 
Then, the ultraviolet rays are irradiated to the contact hole 
17e and the second interlayer insulating layer 17 when 
the oxygen is supplied to the capacitor Q via the contact 
hole 17e. 

[0080] Therefore, the oxygen is activated on the surface of the 
second interlayer insulating layer 17, then supply of the 
oxygen to the capacitor Q via the contact hole 17e is ac- 
celerated, and then the oxygen is introduced into the fer- 



roelectric layer 13a by a sufficient amount. As a result, the 
quality of the ferroelectric layer 13a of the capacitor Q is 
recovered from the damage that is caused when the con- 
tact hole 17e is formed, etc., and thus the characteristics 
of the capacitor Q is improved. 

[0081] Meanwhile, the microwave curing equipment shown in 
FIG. 4 may be employed when the oxygen is supplied to 
the upper electrode 14a of the capacitor Q via the contact 
hole 17e. The microwave curing equipment shown in 
FIG. 4 comprises a vacuum chamber 31 into which the sili- 
con substrate 1 is put, a suscepter 32 for supporting the 
silicon substrate 1 in the vacuum chamber 31, a heater 33 
for heating the silicon substrate 1 from the bottom, a 
conductive coil 34 arranged over the silicon substrate 1 
and connected to a microwave power supply, and a gas 
introducing port 35 and an exhaust port 36 provided in 
the vacuum chamber 31. 

[0082] In the chamber 31, the silicon substrate 1 is loaded on the 
suscepter 32, then the oxygen (O^) and the nitrogen (N^ 
are introduced at flow rates of 1.0 liter/min and 9.0 liter/ 
min via the gas introducing port 35 respectively, and then 
a pressure in the interior is reduced to about 1 Pa. Also, 
the microwave is irradiated from the conductive coil 34 to 



the second interlayer insulating layer 17 and thus the sili- 
con substrate 1 is heated up to 300 to 450 °C, e.g., 350 "C 
by the heater 33 and the microwave. 

[0083] Thus, o^ is not changed into the oxygen radical on the 

surface of the second interlayer insulating layer 17, but o^ 
is activated by the microwave. Hence, even if the contact 
hole 17e formed on the upper electrode 14a of the capac- 
itor Q is small, the oxygen is ready to permeate in the di- 
electric layer 13a via the contact hole 17e and thus the 
oxygen is supplied sufficiently to the dielectric layer 13a. 

[0084] The quality of the dielectric layer 13a is improved by oxy- 
gen-annealing the capacitor Qfor 30 minute, for exam- 
ple, via the contact hole 17e under such conditions. 

[0085] Next, after the capacitor Q having the upper electrode 14a 
whose planar shape is 50 pim x 50 pim is formed, then the 
second interlayer insulating layer 17 is formed on the ca- 
pacitor Q, and then the contact hole 17e whose planar 
shape is about 0.5 pim x 0.5 pim is formed on the upper 
electrode 14a, when it was examined how an amount of 
polarization charge Q^^ of the capacitor Q is differenti- 
ated by changing the oxygen annealing condition applied 
to the upper electrode 14a, results shown in FIG. 5 were 
derived. 



[0086] In FIG. 5, "ref indicates tlie oxygen annealing in the prior 
art, and indicates results obtained when the capacitor Q 
was annealed via the contact hole 17e at 550 "C for 60 
minute in the atmospheric-pressure oxygen atmosphere. 
Also, in FIG. 5, "UV" indicates results obtained when the 
capacitor Qwas oxygen-annealed in the chamber 21, into 
which the oxygen and the nitrogen are introduced at flow 
rates of 1.0 liter/min and 9.0 liter/min at the atmospheric 
pressure respectively, while irradiating the ultraviolet rays 
having a wavelength of 172.5 nm to the second interlayer 
insulating layer 17 and the contact hole 17e from the ex- 
cimer UV lamps to set the substrate heated temperature 
to 350 "C. In addition, in FIG. 5, "m" indicates results ob- 
tained when the capacitor Qwas oxygen-annealed in the 
chamber 31, into which the oxygen and the nitrogen are 
introduced at flow rates of 1.0 liter/min and 9.0 liter/min 
at the pressure of 1 Pa respectively, while irradiating the 
microwave to the second interlayer insulating layer 17 and 
the contact hole 17e to set the substrate heated tempera- 
ture to 350 "C. 

[0087] According to FIG. 5, because the ultraviolet rays or the mi- 
crowave is irradiated to the oxygen, an amount of polar- 
ization charge of the capacitor is increased higher than 



that of the capacitor that is subjected to the oxygen- an- 
nealing in the conventional conditions. Out of these con- 
ditions, the oxygen annealing executed in the condition 
that the UV is irradiated to the oxygen is most advanta- 
geous to improve the capacitor characteristics. 

[0088] According to FIG. 5, a difference between an effect of an 
amount of polarization charge achieved by the oxygen 
annealing according to the present embodiment and an 
effect of an amount of polarization charge achieved by the 
oxygen annealing in the prior art looks like small. 

[0089] However, since a rate of the size of the contact hole 17e 
to the size of the capacitor Q employed in the experiment 
in FIG. 5 is extremely small rather than the actual device, it 
is possible to say that such difference is large as the effect 
of improving the capacitor characteristics in the actual 
device. 

[0090] In the above embodiment, the irradiation of the ultraviolet 
rays or the microwave onto the oxygen during the oxygen 
annealing may be employed in other oxygen annealing 
steps. In this case, the crystallization annealing of the fer- 
roelectric layer 13 is executed not by employing the irra- 
diation of the ultraviolet rays or the microwave but in the 
conditions in the prior art. 



[0091] By the way, in the above embodiment, in order to connect 
electrically the lower electrode 12a and the wiring 20d on 
the second interlayer insulating layer 17, the conductive 
plug 18d is formed in the contact hole 17d. However, the 
wiring 20d may be connected directly to the lower elec- 
trode 12a via the contact hole 17d without use of the con- 
ductive plug 18d. In this case, the contact hole 17e 
formed on the upper electrode 14a and the contact hole 
17d formed on the lower electrode 12a are opened simul- 
taneously, and then the oxygen radical or the active oxy- 
gen is supplied to the capacitor Q via these contact holes 
17d, 17e. 

[0092] In this case, any one of N^O and NO^ may be employed 
together with 0^ or in place of during the oxygen an- 
nealing. 
(Second Embodiment) 

[0093] In the present embodiment, steps of forming the memory 
cell having the stacked capacitor will be explained here- 
under. 

[0094] FICS.6A to 6E are sectional views showing the steps of 
manufacturing a semiconductor device according to a 
second embodiment of the present invention. 

[0095] Next, steps required until a sectional structure shown in 



FIG.6A is formed will be explained hereunder. 
[0096] First, an element isolation recess is formed around a tran- 
sistor forming region of an n-type or p-type silicon 
(semiconductor) substrate 41 by the photolithography 
method. Then, an element isolation insulating layer 42 is 
formed by filling silicon oxide (SiO^) in the recess. The el- 
ement isolation insulating layer 42 having such structure 
is called ST! (Shallow Trench Isolation). In this case, the 
insulating layer formed by the LOCOS (Local Oxidation of 
Silicon) method may be employed as the element isolation 
insulating layer. 

[0097] Then, a p-type well 41a is formed by introducing the p- 
type impurity selectively into the transistor forming region 
of the silicon substrate 41 in the memory cell region. 

[0098] Then, a silicon oxide layer serving as a gate insulating 

layer 43 is formed by thermally oxidizing a surface of the 
p-type well 41a on the silicon substrate 41. 

[0099] Then, an amorphous silicon or polysilicon layer and a 

tungsten silicide layer are formed sequentially on an over- 
all upper surface of the silicon substrate 41. Then, gate 
electrodes 44a, 44b are formed on the p-type well 41a in 
the memory cell region by patterning the silicon layer and 
the tungsten silicide layer by virtue of the photolithogra- 



phy method. These gate electrodes 44a, 44b are formed 
on the silicon substrate 41 via a gate insulating layer 43. 
[0100] In this case, two gate electrodes 44a, 44b are formed in 
parallel on one p-type well 41a in the memory cell region. 
These gate electrodes 44a, 44b constitute a part of the 
word line. 

[0101] Then, the n-type impurity, e.g., phosphorus, is ion- im- 
planted into the p-type well 41a on both sides of the gate 
electrodes 44a, 44b. Thus, first to third n-type impurity 
diffusion regions 45a to 45c serving as the source/drain 
are formed. 

[0102] Then, an insulating layer, e.g., a silicon oxide (SiO^) layer 
is formed on an overall surface of the silicon substrate 41 
by the CVD method. Then, insulating sidewall insulating 
layers 46 are left on both side portions of the gate elec- 
trodes 44a, 44b by etching back the insulating layer. 

[0103] Then, the n-type impurity is ion-implanted again into the 
first to third n-type impurity diffusion regions 45a to 45c 
in the p-type well 41a while using the gate electrodes 
44a, 44b and the sidewall insulating layers 46 as a mask. 
Thus, a high-concentration impurity region is formed in 
the first to third n-type impurity diffusion regions 45a to 
45c respectively. 



[0104] In this case, in one p-type well 41a, the second n-type 

impurity diffusion region 45b between two gate electrodes 
44a, 44b is connected electrically to the bit line described 
later whereas the first and third n-type impurity diffusion 
regions 45a, 45c near both end sides of the p-type well 
41a are connected electrically to the lower electrodes of 
the capacitors described later. 

[0105] According to the above steps, two n-type MOS transistors 
T^, having the gate electrodes 44a, 44b and the n-type 
impurity diffusion regions 45a to 45c of the LDD structure 
are formed in the p-type well 41a to have one n-type im- 
purity diffusion region 45a commonly. 

[0106] Then, a silicon oxide nitride (SiON) layer of about 200 nm 
thickness is formed as an oxidation preventing insulating 
layer 47, which covers the MOS transistors T^, T^, on the 
overall surface of the silicon substrate 41 by the plasma 
CVD method. Then, a silicon oxide (SiO^) of about 1.0 \xm 
thickness is formed as a first interlayer insulating layer 48 
on the oxidation preventing insulating layer 47 by the 
plasma CVD method using the TEOS gas. 

[0107] Then, the first interlayer insulating layer 48 is annealed in 
the atmospheric-pressure nitrogen atmosphere at the 
temperature of 700 °C for 30 minute, for example. Thus, 



the first interlayer insulating layer 48 is densified. Then, 
an upper surface of the first interlayer insulating layer 48 
is planarized by the chemical mechanical polishing (CMP) 
method. 

[0108] Then, the first interlayer insulating layer 48 and the oxi- 
dation preventing insulating layer 47 are etched by using 
a resist pattern (not shown). Thus, first and second con- 
tact holes 48a, 48c are formed on the first and third n- 
type impurity diffusion regions 45a, 45c in the memory 
cell region respectively. 

[0109] Then, a titanium (Ti) layer of 20 nm thickness and a tita- 
nium nitride (TIN) layer of 50 nm thickness are formed se- 
quentially as a glue layer on an upper surface of the first 
interlayer insulating layer 48 and inner surfaces of the 
first and second contact holes 48a, 48c by the sputter 
method. Then, a tungsten (W) layer is grown on the glue 
layer by the CVD method using WF to bury completely in- 
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sides of the contact holes 48a, 48c. 
[0110] Then, the tungsten layer and the glue layer are polished 
by the CMP method to remove from the upper surface of 
the first interlayer insulating layer 48. Thus, the tungsten 
layer and the glue layer being left in the first and second 
contact holes 48a, 48c respectively are used as first and 



second conductive plugs 50a, 50c. The first and second 
conductive plugs 50a, 50c are connected to the first and 
third n-type impurity diffusion regions 45a, 45c respec- 
tively. Also, the first and second conductive plugs 50a, 
50c are connected to the capacitors described later re- 
spectively. 

[01 1 1] Then, a first conductive layer 54 is formed on the first and 
second conductive plugs 50a, 50c and the first interlayer 
insulating layer 48. As the first conductive layer 54, an 
iridium (Ir) layer of 200 nm thickness, an iridium oxide 
(IrO^) layer of 30 nm thickness, a platinum oxide (PtO) 
layer of 30 nm thickness, and a platinum (Pt) layer of 50 
nm thickness, for example, are formed sequentially by the 
sputter method. 

[0112] In this case, the first interlayer insulating layer 48 is an- 
nealed to prevent the film peeling-off, for example, be- 
fore or after the first conductive layer 54 is formed. As the 
annealing method, the RTA (Rapid Thermal Annealing) ex- 
ecuted at 750 "C for 60 second in the argon atmosphere, 
for example, is employed. 

[0113] Then, a PZT layer of 200 nm thickness, for example, is 
formed as a ferroelectric layer 55 on the first conductive 
layer 54 by the sputter method. As the method of forming 



the ferroelectric layer 55, there are the MOD (Metal Or- 
ganic Deposition) method, the MOCVD (Metal Organic 
CVD) method, the sol-gel method, etc. in addition to the 
above. Also, as the material of the ferroelectric layer 55, 
other PZT material such as PLCSZT, PLZT, etc., Bi-layered 
structure compound material such as SrBi Ta O , SrBi 
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(Ta,Nb) 0 , etc., and other metal oxide ferroelectric sub- 
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stances may be employed in addition to PZT. 
[0114] Then, the ferroelectric layer 55 is crystallized by executing 
the annealing in the oxygen-containing atmosphere. As 
the annealing, two-step RTA process having a first step, 
which is executed at the substrate temperature of 600 "C 
for 90 second in the mixed gas atmosphere consisting of 
argon (Ar) and oxygen (O^), and a second step, which is 
executed at the substrate temperature of 750 "C for 60 
second in the oxygen atmosphere, for example, is em- 
ployed. 

[0115] Then, an iridium oxide (IrO^) layer of 200 nm thickness, 

for example, is formed as a second conductive layer 56 on 
the ferroelectric layer 55 by the sputter method. 

[0116] Then, a hard mask (not shown) that covers the capacitor 
forming region is formed on the second conductive layer 
56. 



[0117] Then, as shown in FIG.6B, capacitors are formed on the 
first interlayer insulating layer 48 by etching sequentially 
the second conductive layer 56, the ferroelectric layer 55, 
and the first conductive layer 54 in the region that is not 
covered with the hard mask. In this case, the second con- 
ductive layer 56, the ferroelectric layer 55, and the first 
conductive layer 54 are etched by the sputter reaction in 
the atmosphere containing a halogen element. 

[0118] The capacitor consists of a lower electrode 54a made 
of the first conductive layer 54, a dielectric layer 55a 
made of the ferroelectric layer 55, and an upper electrode 
56a made of the second conductive layer 56. 

[0119] Two capacitors are formed over one p-well 41a, and 

their lower electrodes 54a are connected electrically to the 
first or third n-type impurity diffusion region 45a, 45c via 
the first or second conductive plug 50a, 50c respectively. 
The hard mask is removed after patterns of the capacitors 
are formed. 

[0120] Then, in order to recover the quality of the ferroelectric 
layer 55 from the damage caused by the etching, the re- 
covery annealing is executed. The recovery annealing in 
this case is executed at the substrate temperature of 650 
"C for 60 minute in the furnace containing the oxygen, for 



example. 

[0^21] Also, as described in the first embodiment, the recovery 
annealing may be executed by irradiating the ultraviolet 
rays or the microwave to the first interlayer insulating 
layer 48 and the capacitors at the substrate tempera- 
ture of 300 to 450 "C in the oxygen atmosphere. Accord- 
ing to such conditions, because the tungsten constituting 
the first and second conductive plugs 50a, 50c is heated 
at the relatively low temperature, such tungsten is hard to 
be oxidized and thus generation of the abnormal oxida- 
tion of the conductive plugs 50a, 50c is suppressed. 

[0122] Next, steps required until a structure shown in FIG.6C is 
formed will be explained hereunder. 

[0123] First, alumina of 50 nm thickness is formed as an encap- 
sulation layer 58 on the capacitors and the first inter- 
layer insulating layer 48 by the sputter method. This en- 
capsulation layer 58 protects the capacitors from the 
process damage, and may be formed of PZT in addition to 
the alumina. Then, the first interlayer insulating layer 48 
and the capacitors are annealed at 650 "C for 60 
minute in the oxygen atmosphere in the furnace. 

[0124] Then, a silicon oxide (SiO^) layer of about 1.0 \im thick- 
ness is formed as a second interlayer insulating layer 59 



on the encapsulation layer 58 by the plasma CVD method 
using the HDP (High Density Plasma) equipment. 

[0125] Then, an upper surface of the second interlayer insulating 
layer 59 is made flat by the CMP method. In this example, 
a remaining thickness of the second interlayer insulating 
layer 59 after the CMP is set to about 300 nm on the up- 
per electrode 16a. 

[0126] Then, a third contact hole 48b is formed on the second n- 
type impurity diffusion region 45b by patterning the sec- 
ond interlayer insulating layer 59, the encapsulation layer 
58, the first interlayer insulating layer 48, and the oxida- 
tion preventing insulating layer 47. Then, a third conduc- 
tive plug 50b having a triple-layered structure consisting 
of titanium, titanium nitride, and tungsten is formed in 
the third contact hole 48b. 

[0127] Next, steps required until a structure shown in FIG.6D is 
formed will be explained hereunder. 

[0128] First, an SiON layer of about 100 nm thickness, for exam- 
ple, is formed on the second interlayer insulating layer 59 
and the third conductive plug 50b by the plasma CVD 
method. This SiON layer is formed by using a mixed gas 
that consists of silane (SiH ) and N O, and is used as an 
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oxidation preventing layer 60 to prevent the oxidation of 



the third conductive plug 50b. 

[0129] Then, the encapsulation layer 58, the second interlayer 

insulating layer 59, and the oxidation preventing layer 60 
are patterned by the photolithography method. Thus, 
contact holes 59a each having an almost square planar 
shape, one side of which is 0.35 to 0.50 pim, are formed 
on the upper electrodes 56a of the capacitors Q^. 

[0130] Then, in accordance with the method shown in the first 
embodiment, the quality of the dielectric layer 55a is im- 
proved by executing the annealing at the substrate tem- 
perature of 300 to 450 "C, e.g., 350 "C while supplying the 
oxygen, onto which the ultraviolet rays or the microwave 
is irradiated, for example, to the capacitors via the 
contact holes 59a. In this case, the oxidation of the third 
conductive plug 50b is prevented by the oxidation pre- 
venting layer 60. 

[0131] Then, the oxidation preventing layer 60 is etched back by 
using the CF gas. 

[0132] Then, a conductive layer is formed on the second inter- 
layer insulating layer 59 and the third conductive plug 50b 
and in the contact holes 59a formed on the upper elec- 
trodes 14a by the sputter method. As the conductive 
layer, a multi-layered metal structure constructed by 



forming sequentially a titanium nitride layer, a copper- 
containing aluminum layer, a titanium layer, and a tita- 
nium nitride layer, for example, is employed. An amount 
of copper contained in the copper-containing aluminum 
layer is set to 0.5 atoms %, for example. 

[0133] Then, as shown in FIG.6E, wirings 62a that are connected 
electrically to the upper electrodes 14a of the capacitor 
are formed by patterning the conductive layer by means of 
the photolithography method. At the same time, a con- 
ductive pad 62b is formed on the third conductive plug 
50b that is formed on the second n-type impurity diffu- 
sion region 45b. 

[0134] Then, the third interlayer insulating layer, the second- 
layer conductive plug, the bit line, the cover layer, etc. are 
formed. But explanation of their details will be omitted 
herein. 

[0135] In the memory cell forming steps described above, the 
oxygen annealing applied after the contact holes 59a are 
formed on the upper electrodes 56a of the capacitors 
is executed in the condition that the substrate tempera- 
ture is set to the low temperature of 300 to 450 "C while 
irradiating the ultraviolet rays or the microwave to the 
oxygen. Therefore, like the first embodiment, not only can 



the capacitor characteristics be easily recovered by accel- 
erating the permeation of oxygen into the capacitors 
via the contact holes 59a even if the size of the contact 
holes 59a is reduced, but also the oxygen annealing can 
be executed at the relatively low temperature. As a result, 
the abnormal oxidation of the tungsten constituting the 
conductive plugs 50a to 50c can be prevented or sup- 
pressed. 

[0136] In this case, any one of N^O and NO^ may be employed 
together with or in place of during the oxygen an- 
nealing. 

[0137] As described above, according to the present invention, 
since the activated oxygen is supplied to the capacitor via 
the hole while heating the semiconductor substrate, the 
oxygen is ready to permeate into the capacitor via the 
hole and the oxygen can be coupled easily with the capac- 
itor. Therefore, it is possible to supply the oxygen suffi- 
ciently to the oxide dielectric layer of the capacitor. As a 
result, even if the size of the hole is reduced, the recovery 
of the capacitor characteristics can be achieved suffi- 
ciently by the oxygen annealing. 



